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PROCESS FOR CLEANING AN ARTICLE , PROCESS FOR COATING AN 
ARTICLE, AND DEVICE THEREFOR 

Cross-Ref erence to Related Application : 

This application is a continuation of copending International 
Application No. PCT/EP99/07997 , filed October 21, 1999, which 
designated the United States. 

Background of the Invention : 
Field of the Invention : 
The invention relates to a method of cleaning the surface of a 
product, in particular a component of a thermal machine, such 
as a gas turbine blade or a heat shield element, which has a 
metallic base body. The invention also relates to a method of 
applying a coating, in particular a thermal barrier coating, 
to an article which can be exposed to a hot aggressive gas and 
has a metallic base body. The invention also relates to a 
device for cleaning a product which has a substrate chamber in 
which there is a substrate guide and which has a substrate 
holder . 

U.S. Patent No. 5,238,752 describes a thermal barrier coating 
system with an intermetallic bond coat. The thermal barrier 
coating system is applied to a metallic base body, in 



GR 98 P 3829 

particular to a Cr-Co-steel for an aircraft engine blade. An 
intermetallic bond coat, in particular of nickel aluminide or 
a platinum aluminide, is applied directly to this metallic 
base body. This bond coat is adjoined by a thin ceramic layer 
of aluminum oxide, to which the actual thermal barrier 
coating, in particular of yttrium stabilized zirconium oxide, 
is applied. This ceramic thermal barrier coating of zirconium 
oxide has a rod-like structure, the rod-like columns being 
oriented substantially perpendicular to the surface of the 
base body. The intention of this is to improve the ability to 
withstand cyclic thermal loads. The thermal barrier coating is 
deposited on the base body by means of an electron beam PVD 
(Physical Vapor Deposition) process, zirconium oxide being 
vaporized from a metal oxide body by an electron beam gun. The 
process is carried out in a corresponding device, in which the 
base body is preheated to a temperature of approximately 950°C 
to 1000 °C. During the coating operation, the base body is 
rotated at a constant rate in the jet comprising the metal 
oxide . 

An electron beam PVD process for producing a ceramic coating 
is also described in U.S. Patent No. 5,087,477. The ceramic 
coating produced in this case has a layer thickness of between 
250 and 375 /im. 
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To provide good adhesion between the coating and the base 
body, it is advantageous for the base body to be cleaned prior 
to the coating operation. It has become known from British 
patent specifications GB 2 323 855 and GB 1 447 754 to clean a 
5 product which is to be coated prior to the coating. The 

cleaning in those cases takes place by means of a sputtering 
process, in which firstly a plasma is generated and the 
positive ions of the plasma are accelerated toward the base 
body. The device for cleaning the base body is integrated in 
Qo the device for coating the base body. In order for the base 
£ S body to be heated to a suitable coating temperature, the base 
\i body is heated with the aid of an electron beam. There is 

provision for it to be possible to switch between the heating 
Q phase by means of the electron beam and the cleaning phase by 
0j5 means of ion sputtering. To do this, it is necessary for the 

: s ! 

C3 relationship of potential between the base body and the 

jL-s. 

electron source or the positive ions of the plasma to be 
adjusted or controlled. To do this, GB 2 323 855 provides for 
the base body to be connected to a voltage source, in order to 

20 set the base body to a suitable potential. In GB 1 447 754, a 
voltage source and a monitoring device are also provided, in 
order to be able to influence the relationships of potential 
between base body, electron source and plasma. Therefore, to 
set a suitable relationship of potential, according to both 

25 literature sources an active voltage supply is required. 
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Summary of the Invention : 

The object of the present invention is to provide a method of 
cleaning an article, in particular a component of a gas 
turbine, with a view to a coating process that is to be 
carried out on the article which overcomes the above-noted 
deficiencies and disadvantages of the prior art devices and 
methods of this general kind. It is a further object of the 
invention to provide a method of coating an article with a 
protective coating and/or a thermal barrier coating. An 
additional object of the invention is to provide a device for 
cleaning and/or coating a product. 

With the above and other objects in view there is provided, in 
accordance with the invention, a method of cleaning a surface 
of an article having a metallic base body, the method which 
comprises : 

generating a plasma with electrically positively charged ions, 
accelerating the ions towards the article, and bringing ions 
into contact with the base body for cleaning the base body; 

directing an electron beam onto the base body; and 

controlling an outgoing flow of electrons coming into contact 
with the base body by connecting the base body to a reference 
potential via a switch at a given frequency, which may be 
fixed preset, adjustable, or regulated. 
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In other words, the object relating to a process for cleaning 
the surface of a product which has a metallic base body is 
achieved by the fact that a plasma with electrically 
positively charged ions is generated and the ions are 
accelerated toward the product, so that they come into contact 
with the base body for cleaning purposes, an electron beam 
being directed onto the base body, and that the outgoing flux 
of electrons which come into contact with the base body is 
controlled as a result of the base body being connected to a 
reference potential via the switch with a fixedly preset, 
adjustable or regulated frequency. 

With this process, the surface of the product, in particular a 
component in a plasma, undergoes preliminary cleaning in such 
a manner that the adhesion of layers which are to be vapor- 
deposited is significantly improved compared to a process 
involving thermal cleaning. The latter may, for example, lead 
to gases escaping. 

Compared to the processes which are known from the prior art, 
the process described here has the crucial advantage of being 
significantly simpler and therefore also less susceptible to 
faults . 
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This is primarily due to the fact that the connection of the 
base body to the reference potential which is, for example, 
frame potential or ground potential, can be switched on and 
off makes it easy to suitably adjust the relationship of 
5 potential between base body and plasma and the electrons of 
the electron beam. Therefore, the electrical potential of the 
base body is controlled by means of the connection to the 
reference potential. The outgoing flux can in this case be 
controlled between a maximum value and a minimum value, the 
!g0 minimum value preferably being zero, i.e. there is no outgoing 

% flux of electrons. In the latter case, the electrons do not 

G 

tn flow out and an electron build-up is produced around the 

1 ^ 

ry product, which negatively charges the product. In the presence 

13 of the plasma, the positively charged ions are accelerated 

Sfe toward the product; they come into contact with the product at 

W 

H a parameter-dependent velocity. Contaminants present on the 
surface of the product are removed by means of a pulse 
exchange with this surface. 

2 0 On the other hand, if the outgoing flux is set to a maximum 

value, i.e. the switch is closed and the base body is 
connected to the reference potential, for example, frame 
potential, the electrons can flow out of the electron beam 
without obstacle. Consequently the positive ions of the plasma 
2 5 are not accelerated toward the base body. Therefore, when the 
switch is closed, the product is substantially only exposed to 
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the electron beam, which heats the product. Therefore, by 
actuating the switch it is simple to switch over between a 
cleaning phase and a heating phase. The switch can be suitably 
actuated with a fixedly preset, adjustable or regulated 
frequency . 

The outgoing flux of electrons preferably takes place via an 
electrical outgoing line, which is alternately opened and 
closed by means of the switch. This outgoing line produces a 
current path which is constantly switched between passing and 
blocking. The alternating switching between passing and 
blocking of the current path can take place at a constant, 
possibly temporally variable frequency. Alternating switching 
allows alternating charging and discharging of the product, as 
a result of which, in the presence of a gas, an alternating 
voltage discharge (plasma) can be ignited or maintained. In 
this way, it is possible to continuously clean the component. 

The frequency at which the outgoing flux of electrons is 
controlled may in this case lie between a few hertz and 
frequencies up to the megahertz range, in particular, the 
frequency may be approximately 50 kHz or approximately 27 MHz. 
The high-frequency switching has the crucial advantage that, 
at suitable high frequencies, the cleaning effect is not 
dependent upon the component geometry. Therefore, the high- 
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frequency switching allows reliable and in particular 
homogenous cleaning of the product. 

There is a potential difference, i.e. an electric voltage, 
between the plasma and the base body, which potential 
difference can be influenced, in particular, set, by suitably 
controlling the outgoing flux of electrons from the base body. 
This potential difference produces a bias voltage in a range 
from approximately 100 V to approximately 1000 V. This bias 
voltage may be selected in such a way that the formation of 
the plasma, in particular as a result of an alternating 
voltage discharge, can be ignited and maintained. 

Preferably the bias voltage between the electrically 
positively charged ions of the plasma and the base body is 
determined and, if appropriate, can be used to control the 
outgoing flux of the electrons. It is thus also possible to 
carry out a regulating process between bias voltage and 
outgoing flux of the electrons with the view to achieving the 
most expedient cleaning of the product possible depending on 
the type of metallic base body (geometric shape, metallurgical 
composition, etc.). The bias voltage is in this case measured 
and displayed as a temporal mean. 

In accordance with an added feature of the invention, the 
plasma is generated by an electron beam, in particular by the 
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electron beam which is directed onto the base body and can 
also be used, inter alia, to heat the product. The electron 
beam may in this case be of fan- shaped or cone-shaped design 
as an electron beam fan or cone, in order to be able to 
5 irradiate a large area of the base body and to be able to 
generate a sufficiently large volume of plasma. It is also 
possible for the plasma to be generated in a separate process 
and for the plasma which has already been ionized to be passed 
into the vicinity of the product. The gas from which the 
^fiO plasma is formed is preferably an inert gas, in particular a 
% noble gas, such as argon. This ensures that no undesirable 
(fj chemical reactions take place on the surface of the product, 

in 

FU in particular the base body, but rather the product is simply 
O cleaned. As an alternative, it is also possible to use a 
fMs reactive gas, in particular hydrogen, to form the plasma. When 
H using hydrogen, the plasma is also able to remove oxide on the 
product by means of oxidation to form water. 

The product is preferably rotated about an axis of rotation 
20 during the cleaning in which positively charged ions come into 
contact with the product. The result is uniform cleaning and 
heating of the product even in the event of complex 
geometries . 

25 To enable the cleaning to be carried out as quickly and 
effectively as possible, in a particularly advantageous 
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embodiment, the product is heated before the cleaning 
operation. The heating causes a large proportion of the 
contaminants on the surface and in the product to vaporize or 
gasify. The gasification of contaminants situated in the body 
of the product is in this context particularly advantageous 
with a view to the properties of the component. As a result, 
the cleaning phase by means of ion firing (sputtering) which 
follows this thermal cleaning phase becomes more effective. 
Therefore, preheating of the product prior to the sputtering 
is of considerable significance primarily from an economic 
viewpoint, not least because of the time saved. This 
embodiment with preheating is not restricted to the 
configuration with an outgoing flux of electrons passing via a 
switch to the reference potential, for example frame 
potential. Rather, it is independent of the particular way in 
which the potential level of the product is set. 

During the cleaning, the product is preferably simultaneously 
heated to a temperature which is greater than or equal to the 
coating temperature, which in particular lies above 800°C. 
Heating to a temperature above the coating temperature has the 
beneficial effect that there is relatively little evolution of 
gases during the subsequent coating at a lower temperature. 
This heating can be achieved by means of the electron beam, 
which simultaneously serves to generate a controllable 
negative potential of the base body. 
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The process for cleaning and, if appropriate, simultaneously 
heating the product is preferably integrated in a process for 
coating the product with a protective layer, in particular a 
thermal barrier coating. According to the invention, the 
second object, relating to a process for coating a product, is 
therefore achieved by the fact that the product undergoes 
prior cleaning by a plasma, in the manner described above, 
prior to the actual coating process. 

The process for producing a thermal barrier coating is 
preferably carried out as an electron beam physical vapor 
deposition (EB-PVD) process or as a reactive gas flow 
sputtering process as described, for example, in international 
PCT publication WO 98/13531 Al . 

Within the context of the overall coating process, the product 
has preferably already been preheated prior to the cleaning, 
to a temperature which in particular is higher than the actual 
coating temperature of the product, which is over 800°C. As 
has already been stated, this increases the effectiveness of 
the cleaning by means of ion sputtering. The heating takes 
place, for example, with the aid of the electron beam and/or a 
further heating device. After the cleaning, the product is 
heated to the coating temperature; this is also to be 
understood as meaning that heating to the coating temperature 
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has already taken place during the cleaning, so that after the 
cleaning the product is at the coating temperature. 
Preferably, preheating, cleaning and coating immediately 
follow one another, in which case the preheating already 
produces an initial cleaning action and in which case during 
the actual cleaning it is possible to switch between 
sputtering mode and heating phase (by means of electron 
firing) . The fact that the three processes of preheating, 
cleaning and coating immediately follow one another ensures 
that the product is always held at a sufficiently high 
temperature level . 

In accordance with an additional feature of the invention, the 
actual cleaning process is carried out in a chamber, referred 
to below as the substrate chamber. This may be a preheating 
chamber of a coating installation, the actual coating chamber 
itself, or a separate chamber which is designed specifically 
for the cleaning. To generate the electron beam which is used 
to electrically charge the base body, it is possible to use an 
electron beam gun, which is likewise used to carry out the 
coating process or is accordingly designed only for cleaning 
or heating. An electron beam gun of this type may have an 
electron beam capacity of up to 150 kW with an acceleration 
voltage of up to 3 5 kV. 
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With the above and other objects in view there is also 
provided, in accordance with the invention, a device for 
cleaning an article, comprising: 

a housing defining a substrate chamber; 

a substrate guide disposed in said substrate chamber; 

a substrate holder for holding an article connected to said 
substrate guide in a mechanically fixed and electrically 
insulated manner; 

an electrical outgoing line connected to said substrate 
holder, and a switch connected in said electrical outgoing 
line for selectively connecting said substrate holder to a 
reference potential; and 

an electron beam gun for generating an electron beam directed 
onto the article. 

In other words, the object relating to a device for cleaning a 
product, in particular a component of a gas turbine, is 
achieved by a device which has a substrate chamber in which a 
substrate guide with a substrate holder for holding the 
product is provided, the substrate guide being connected in a 
mechanically fixed but electrically insulated manner to the 
substrate holder, and it being possible to connect the 
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substrate holder to reference potential via an outgoing line 
and by means of a switch arranged in the outgoing line. The 
reference potential may in this case, for example, be frame 
potential or ground potential. 

In accordance with another feature of the invention, the 
switch is connected to a control device for controlling the 
alternating opening and closing of the switch. This makes it 
possible to actuate the switch with a fixedly preset, 
adjustable or regulated frequency. The substrate chamber may 
in this case be the actual coating chamber of a coating 
installation, a preheating chamber of a coating installation 
or a separate chamber. 

The outgoing line is preferably connected to a current- and/or 
voltage-measuring device, so that the electron current passing 
through the outgoing line and a bias voltage between the base 
body and a plasma which is present in the substrate chamber 
can be measured. The plasma itself is preferably generated by 
firing an electron beam from a electron beam gun onto the base 
body. The electron beam gun may in this case be arranged 
inside the substrate chamber or outside this chamber and may 
be specifically designed for firing the base body, for example 
for heating purposes. It is also possible. to use an electron 
beam gun which is used to fire at a coating target in order to 
produce a coating on the base body. The current- and/or 

-14- 
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voltage-measuring device is preferably connected to the 
control device. 

Furthermore, to regulate the switching frequency of the 
switch, it is preferable to provide a regulator for which a 
desired value is preset. A desired frequency value for the 
regulator may in this case be established, for example, by 
means of a desired current value and/or a desired voltage 
value . 

Preferably, the substrate chamber is a coating chamber of a 
coating installation and the substrate holder and the 
substrate guide, after cleaning of the product, also 
simultaneously serve to hold the product during the coating 
with a protective layer, in particular a thermal barrier 
coating. During the cleaning, the product is held in the 
substrate holder, which is electrically insulated with respect 
to the substrate guide, which serves as the anode. Together 
with the outgoing line, the substrate holder forms a current 
path which is controllable, i.e. switchable. The substrate 
holder is therefore likewise brought to the same potential as 
the substrate guide, preferably to ground potential (earth) . 
The parameters such as bias voltage, velocity of the positive 
plasma ions, etc. can be set, by means of the frequency of the 
switchable current path which is formed via the electrical 
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outgoing line, in such a way that a particularly good cleaning 
action is produced according to the particular product used. 

The product is preferably a component of a thermal machine, in 
5 particular of a gas turbine, such as a stationary gas turbine 
used in the power plant sector or a component of an aircraft 
engine turbine. The product may in this case be designed as a 
heat shield of a combustion chamber or as 

a turbine blade, a turbine rotor blade or a turbine guide 

sjo vane . 

CO 

In In accordance with a further feature of the invention, the 
^ protective layer, in particular the thermal barrier coating, 
*d is a ceramic layer. It may include zirconium oxide (Zr0 2 ) or 
Ll5 another ceramic material which is suitable for use at high 
tl temperatures, in particular a metal oxide. A zirconium oxide 
is preferably partially or completely stabilized with yttrium 
oxide (Y 2 0 3 ) or another oxide of a rare earth element. 

2 0 In accordance with yet a further feature of the invention, the 
base body is a metallic substrate. Nickel -base and/or cobalt - 
base alloys such as those which are described, for example, in 
U.S. Patent No. 4,405,659, inter alia, are particularly 
suitable for applications at high temperatures with 

2 5 corresponding demands imposed on resistance to corrosion. 



-16- 



GR 98 P 3829 



An adhesion promoter layer is arranged between base body and 
thermal barrier coating. This adhesion promoter layer may 
consist of an alloy of iron, cobalt and/or nickel with 
chromium, aluminum, yttrium. Instead of, or in addition to 
yttrium, one of the elements from group I lib of the periodic 
system, including the actinides and the lanthanides and, in 
addition, or as an alternative, rhenium may be included. 
Yttrium-containing alloys of this type are described in the 
literature under the designation "MCrAlY" alloy. Alloys which 
contain significantly more rhenium than yttrium may be 
referred to as "MCrAlRe" alloys. An oxide layer, in particular 
a layer of aluminum oxide, chromium oxide and/or gallium 
oxide, may be provided between the adhesion promoter layer and 
the thermal barrier coating. An oxide layer of this type may 
already have been applied as an oxide or may form over the 
course of time as a result of subsequent oxidation (thermally 
grown oxide, TGO) . 

Other features which are considered as characteristic for the 
invention are set forth in the appended claims. 

Although the invention is illustrated and described herein as 
embodied in a process for cleaning a product, process for 
coating a product and device therefor, it is nevertheless not 
intended to be limited to the details shown, since various 
modifications and structural changes may be made therein 
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without departing from the spirit of the invention and within 
the scope and range of equivalents of the claims . 

The construction and method of operation of the invention, 
however, together with additional objects and advantages 
thereof will be best understood from the following description 
of specific embodiments when read in connection with the 
accompanying drawings . 



Brief Description of the Drawings : 
7 Figi 1 io— a- pe r"s"p*S C L i tfe V i e w"~o f— a--feu-rb±ne -rot o r . bl n r\ r 




Fig. 2 is a cross section througj^a turbine blade; 



Fig. 3 is a partial sectional view of a thermal barrier 
coating system of the turbine blade of Fig. 2; and 



Fig. 4 is^a diagrammatic section through a coating 
installation for coating a turbine blade with thermal barrier 



Description of the Preferred Embodiments : 

Referring now to the figures of the drawing in detail and 
first, particularly, to Fig. 1 thereof, there is seen, as a 
representative of the article of manufacture 1, a rotor blade 
of a turbine, in particular of a gas turbine. The rotor blade 
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1, which is made from iron, cobalt and/or nickel, has a blade 
root 14, by means of which it can be secured in a non- 
illustrated rotatable turbine shaft. The blade root 14 is 
adjoined by the actual blade root region, which extends from a 
leading edge 7 to a trailing edge 8 via a pressure side 9 on 
one side, and a suction side 10 on the other side. Cooling 
channels 13 for carrying a cooling medium, in particular 
cooling air, are provided in the actual blade region. The 
blade region has a surface 4 with differently curved surface 
regions . 

Fig. 2 illustrates a cross section through a gas-turbine blade 
- again representing the article of manufacture - around which 
a hot gas flows 16 during its use in a gas turbine. In cross 
section, the turbine blade 1 extends from a leading edge 7, 
via a pressure side 9 and a suction side 10, to a trailing 
edge 8. The turbine blade 1 is formed from a substrate or base 
body 2, in the interior of which a plurality of cooling 
channels 13 for carrying cooling air are provided. The entire 
surface 4 of the turbine blade 1 is coated with a thermal 
barrier coating 5. 

FIG. 3 diagrammatically depicts the structure of a thermal 
barrier coating system 15. The thermal barrier coating system 
15 is applied to the base body 2. Directly adjacent to the 
base body 2, it has an adhesion promoter layer 11, which is 
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adjoined by an oxide layer 12 and the actual thermal barrier 
coating 5, which is on top of the oxide layer 12. The adhesion 
promoter layer 11 may be a known alloy of the type MCrAlY or 
MCrAlRe. The oxide layer 12 may substantially comprise an 
aluminum oxide or may alternatively or additionally include 
metal oxides, such as chromium oxide or gallium oxide. The 
choice of adhesion promoter layer 11 and of oxide layer 12 
naturally depends on the material of the base body 2 and on 
the thermal barrier coating 5 to be applied. The latter may, 
for example, consist of partially stabilized zirconium oxide. 
The thermal barrier coating 5 has a fine structure with 
ceramic columns 6 which are oriented substantially 
perpendicular to the surface 4 of the base body 2 . The ceramic 
columns 6 each have a mean column diameter D which, for a 
layer thickness of the thermal barrier coating 5 of 
approximately 100 pirn to 200 /xm, lies in the range between 0.5 
and 5 //m, preferably below 2.5 /xm. 

FIG . 4 shows a diagrammatic longitudinal section through a 
device 20 for cleaning a article 1, which is integrated in a 
coating device for applying a thermal barrier coating 5 to the 
article 1, in particular to a gas turbine blade. The device 20 
has a substrate chamber 24, which serves as a coating chamber. 
A suitable sub-atmospheric pressure (vacuum) can be 
established in the chamber 24, and a gas, in particular an 
inert gas, is introduced. Pumps, which are not shown and to 
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which the substrate chamber 24 is connected via a pump outlet 
36, are provided for the purpose of evacuating the chamber 24 
and to build the vacuum in the chamber 24. A substrate guide 
26, which extends along an axis of rotation 32 and is 
designed, for example, as a hollow cylindrical tube, is 
introduced into the substrate chamber 24 via an introduction 
chamber 38. The substrate guide 26 is adjoined by a substrate 
holder 22 which is mechanically fixedly connected to the 
substrate guide. The article 1 is held rotatably, and 
optionally also pivotably, in the substrate holder 22. The 
substrate guide 26 is electrically insulated from the 
substrate holder 22 by insulation 27. The substrate guide 26 
is grounded outside the substrate chamber 24. 

The substrate holder 22 is connected to an electrical outgoing 
line 28 which, for example, is guided through the substrate 
guide 26. A measuring device 31A, 31B, in particular a 
current -measuring device 31A for measuring an electric current 
I and a voltage -measuring device 3 IB for measuring an 
electrical bias voltage U, is arranged in the electrical 
outgoing line 28. Furthermore, a switch 29, which can be 
controlled by a control device 30, is provided in the outgoing 
line 28. The switch 29 may be designed as a mechanical or 
electronic switch or as a suitable control mechanism. Its 
essential function is that of controlling the electric current 
I flowing through the outgoing line 28. The outgoing line 28 



GR 98 P 3829 

is also connected, outside the substrate chamber 24, to a 
reference potential, which may be frame or ground. The switch 
2 9 and the measuring devices 3 1A, 3 IB are connected to a 
control device 30, by means of which the switch 2 9 can be 
controlled, so that the switch 2 9 opens and closes at a 
frequency which can be preset by means of the control device 
30. The frequency or on/off duration (duty factor) used for 
the opening and closing may be effected as a function of the 
bias voltage U determined by means of the measuring device 
31A, 31B. The frequency may also be fixed by means of a 
desired current value I* and/or a desired voltage value U* , 
the desired current value I* and/or the desired voltage value 
U* being input into the control device 3 0 and being compared 
to the actual values U, I in the control device 30. The 
control signals for the switch 2 9 are passed from the control 
device 3 0 to the switch 29. 

An electron beam gun 18, which generates an electron beam 19, 
is provided on the substrate chamber 24, above the substrate 
holder 22. The electron beam 19 may, in this case, as shown, 
be of fan- shaped or cone-shaped design as an electron beam fan 
or electron beam cone. Using the grounding of the substrate 
guide 26 and the controllable grounding (reference potential) 
of the substrate holder 22, the electron beam 19 is guided 
toward the article 1. On the way to the article 1, the 
electron beam 19 causes the gas situated in the substrate 
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chamber 24, for example, an inert gas such as argon, to be 
ionized. As a result, a plasma 21 is formed in the vicinity of 
the article 1. The electrons which come into contact with the 
article 1 from the electron beam 19 are discharged via the 
5 outgoing line 28 when the switch 29 is closed. 

When the switch 2 9 is open, there is a build-up of electrons 
in front of the article 1, i.e. a negatively charged cloud of 
electrons around the article 1, with the result that the 
SgO positively charged ions of the plasma 21 are accelerated 

■ Pi 

CO toward the article 1. The positive ions which have been 

0 accelerated in this way come into contact with the article 1 

^! and thus cause contaminants on the article 1 to be removed. 

fy 

3§5 The constant change between an open and closed state of the 

f5 switch 2 9 therefore leads to a frequency-dependent alternating 

1 s 

re- 
charging and discharging of the article 1, so that an 

alternating voltage discharge (plasma formation) is ignited or 

maintained. This allows continuous cleaning of the article 1, 

20 and surface activation prior to a coating operation. High 

frequency switching is preferably established via the switch 

2 9 and the control device 3 0 in such a manner that a cleaning 

action which is independent of the geometry of the article 1 

is achieved. This leads to particularly effective and 

2 5 homogeneous surface cleaning. 
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A coating target 23, for example made from zirconium or 
zirconium oxide, is arranged in the substrate chamber 24, 
which at the same time represents the coating chamber of a 
coating installation, at a lower level than the article 1. A 
further electron beam gun 25 for generating a further electron 
beam 35 is provided in the substrate chamber 24. To carry out 
the actual coating of the article 1, the substrate chamber 24 
has a feed 33 for an oxygen- containing gas 34, so that 
additional oxidation for a metal -ceramic thermal barrier 
coating can be achieved. The article 1 is, for example, a gas 
turbine blade or a heat shield element with a protective 
layer, in particular with a thermal barrier coating made from 
a ceramic. The coating target 23 is grounded during the actual 
coating operation. The electron beam 3 5 is diverted toward the 
coating target 23 (as shown in dashed lines) , and then comes 
into contact with the coating target 23, where it causes the 
material of the coating target 23, in particular zirconium or 
zirconium oxide, to be vaporized. The material which has been 
vaporized in this way flows toward the article 1, where it is 
deposited, if appropriate with simultaneous oxidation, as a 
protective layer (thermal barrier coating) . The article 1 is 
in the process rotated about the axis of rotation 32 as a 
result of the entire substrate guide 2 6 being rotated about 
the axis of rotation 32 by means of a non- illustrated motor. 
The rotation of the article 1 about the axis of rotation 32 is 
also effected during the cleaning operation by means of plasma 
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ions. The plasma discharge and therefore the ion firing of the 
substrate 1 can also be maintained during the coating, so that 
interim cleaning is achieved. 

5 In the example illustrated, the entire coating process can be 
carried out in the substrate chamber 24. Preferably, in a 
first process step, the article 1 is heated, without the 
presence of a gas which forms a plasma 21, by means of an 
electron beam 19 to a temperature which lies above the 
i-JjO actual coating temperature. This advantageously leads to prior 
CO thermal cleaning on account of the vaporization/gasification 
^ of contaminants. In a second process step, in which gas which 

in 

I;! forms the plasma 21 is now present, renewed firing using the 
p electron beam 19 takes place, with the result that 

£p simultaneous cleaning of the article 1 by means of the plasma 

Id 

q 21 and heating of the article 1 by means of the electron beam 
19 are achieved. On account of the prior thermal cleaning, 
this final cleaning by means of ion firing (sputtering) can be 
carried out significantly more quickly and more effectively. 

20 After the cleaning of the article 1 has ended, this product 

has been heated to the coating temperature, and electrons are 
fired on to the coating target 23, with the result that the 
protective layer 5, in particular a thermal barrier coating, 
is applied to the article 1. The cleaning of the article 1 by 

2 5 means of the plasma 21 renders the adhesion of the thermal 
barrier coating to the article 1 particularly superior. 
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